Results: At ART initiation, 54% were male, 1% was HIV-2-infected and median age was 5.1 years. Median CD4% was 11%, and 61% had weightfor-age Z-score (WAZ) ≤−2. Vaccination completion was documented for 9% of children. Eleven of 29 facilities had an integrated nutrition program. Over 4585 person-years of ART, 237 children died and 427 became LTFU. Twelve-month attrition was 22% overall, but increased from 4% to 34% during 2004-2008, due to increases in 12-month mortality (from 3-11%) and 12-month LTFU (from 2% to 23%). In adjusted analysis, compared with enrollees in 2004, enrollees in 2008 had nearly 4-fold higher mortality and 8-fold higher LTFU. World Health Organization stage III/IV, CD4% <10%, WAZ ≤2 and hemoglobin <8 g/dL, were predictive of mortality. Incomplete vaccination was predictive of mortality and LTFU. Facilities with nutrition programs had lower LTFU and mortality rates. Clinics reporting nurse dissatisfaction with working conditions had higher LTFU rates. Conclusion: Investigation of causes of increasing mortality and LTFU is needed. Ensuring earlier ART initiation, vaccination completion, scale-up of site-level nutrition programs and nurse work-environment satisfaction, could improve pediatric ART program outcomes.
Patient Monitoring
At baseline and at least every 6 months, weight measurements, clinical staging, tuberculosis screening, hemoglobin measurements and CD4% measurements were recommended to monitor disease progression or improvement. At each visit, standard MOHrecommended medical records were completed. Patients collected medications monthly from the pharmacy or, if stable on therapy, every 2-3 months.
Study Design and Study Population
This was a nationally representative retrospective cohort study. By January 1, 2008, about 3000 children had initiated ART at 64 health facilities. 12 To improve study feasibility, only facilities with >10 pediatric ART enrollees by January 1, 2008, were considered study-eligible. Of 30 eligible facilities, 29 agreed to participate. According to MOH records, these 29 facilities had enrolled 2820 (94%) of all 3000 children enrolled nationally during 1998-2008. Because medical records of ART enrollees before 2004 had considerable missing data, the protocol excluded 427 enrollees, who started treatment before 2004. A further 195 records were not found or never existed, while 88 had been transferred with the child to another facility. All remaining 2110 records were included in the study. Data were collected from the MOH-recommended medical records by trained data abstractors during November 2009 through March 2010.
Treatment Outcomes
The primary outcomes of interest were mortality and LTFU. A child was considered LTFU if he/she was absent from the facility in the 90 days preceding data abstraction, and if there was no documentation of death or transferal since the last visit. The date of the most recent visit was considered the date of LTFU. The combined outcome of attrition (death or LTFU) was a secondary outcome of interest. For all time-to-event analyses, transfers were censored from time-to-event analyses at the date of transfer.
Exposure Variables
All variables routinely collected on MOH-recommended ART records were assessed as possible predictors for death and LTFU (Table, Supplemental Digital Content 1, http://links.lww. com/INF/B966). Weight was recoded as weight-for-age Z-score (WAZ), using Centers for Disease Control and Prevention (CDC) growth curves for children aged 5-14 years, and WHO curves for children aged 0 to <5 years. A child was considered fully vaccinated if he/she had received a yellow fever vaccine, measles vaccine and 3 doses of the pentavalent diphtheria-tetanus-pertussispolio-hepatitis (DTPPH) B vaccine, by the time of data abstraction.
At each of the 29 selected health facilities, interviews were conducted with pediatric ART program managers to gain information on site-level characteristics that were considered possible site-level attrition determinants during [2004] [2005] [2006] [2007] [2008] . The interviews were conducted during November 2009 through March 2010. If a site-level variable (eg, availability of on-site CD4 testing) changed over time during [2004] [2005] [2006] [2007] [2008] , then the program manager was asked to estimate whether the majority of children enrolled on ART at his/her facility during 2004-2008 had been exposed to the sitelevel variable or not.
Analytic Methods
Data were analyzed using STATA 11 (StataCorp, 2009 13 The ice [14] [15] [16] procedure in STATA was used to create 20 imputed datasets for each of 2 outcomes (death and LTFU). The imputation model included the event indicator, all study variables and the NelsonAalen estimate of cumulative hazard. 17 To assess the association between baseline characteristics and year of ART initiation, unadjusted linear, logistic and ordered logistic regression models, were used for continuous, binary and multilevel categorical variables, respectively.
In time-to-event analysis, with the origin set at the date of ART initiation, a competing risks model was used to estimate 12-month mortality and LTFU for each annual cohort of children starting ART during 2004-2008. For each outcome (death and LTFU), Cox proportional hazards regression models were used to estimate adjusted hazard ratios and 95% confidence intervals (CI) for covariates of interest. 18 All patient-level covariates ( 19 and any ART stock-out in the preceding 12 months 20 were considered a priori facility-level variables for inclusion in the model. Other facilitylevel characteristics were included in the model if the P-value of the likelihood ratio test for significance during forward regression was <0.05. A shared frailty model was used to account for intrafacility correlation.
The proportional hazards assumption was assessed using visual methods and the Grambsch and Therneau test. 21 Estimates were combined across the imputed datasets according to Rubin's rules 13 using the mim procedure in STATA. 22 Stacked cumulative incidence curves were used to examine cumulative probability of death and LTFU over time.
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RESULTS

Baseline Characteristics
Among 2110 children at ART initiation, median age was 5.1 years, with 21% <2 years, 27% aged 2-4 years and 51% aged 5-14 years (Table, Supplemental of ART enrollees had WHO stage IV disease, 9% had prior tuberculosis, 7% had active tuberculosis at ART initiation, 61% had a WAZ ≤−2 and 19% had a hemoglobin <8 g/dL, with these proportions not changing significantly over time (Table, Supplemental Digital Content 1, http://links.lww.com/INF/B966). Overall median baseline CD4% was 11% and this did not change significantly over time.
The proportion of children prescribed cotrimoxazole at ART initiation increased from 36% to 65% (P < 0.001), but the proportion prescribed suboptimal ART regimens remained relatively constant at 4-8% during [2004] [2005] [2006] [2007] [2008] (Table, Supplemental 
Baseline ART Regimens
The most common initial ART regimen for children <3 years included nevirapine, lamivudine and 1 of zidovudine, stavudine or didanosine (50%), while for children aged ≥3 years, the most common regimen included efavirenz, lamivudine and 1 of zidovudine, stavudine or didanosine (68%) ( Table 1) . Unboosted nelfinavir in combination with lamividine, and 1 of zidovudine, stavudine or didanosine was prescribed to 28% of children <3 years and 11% of children ≥3 years.
Efavirenz-containing regimens were prescribed to 106 (15%) children aged <3 years at ART initiation (Table 1) . Potentially, toxic regimens were prescribed to 12 (1%) of all children. Overall, 7% of children were prescribed suboptimal regimens, with 16% of children <3 years and 2% of children ≥3 years, prescribed suboptimal regimens.
Facility-level Characteristics
Most ART facilities [21 (72%) of 29] were primary health care facilities and most [24 (83%) of 29] had enrolled ≤100 children on ART by the time of study start (see Table, Supplemental Digital Content 2, http://links.lww.com/INF/B969, which lists all facilitylevel characteristics evaluated). Doctor and nurse satisfaction with working conditions were reported at 18 (62%) and 22 (76%) of 29 facilities, respectively. Eighteen (62%) of 29 facilities reported a stock-out of antiretrovirals (either first or second-line antiretrovirals) in the preceding 12 months. Eleven (38%) of 29 facilities provided an integrated nutrition program for pediatric ART enrollees. Table 2 ). Increases in 12-month attrition proportions during this time period were due to increases in 12-month mortality (from 3% to 11%) and LTFU (from 2% to 23%). AZT indicates zidovudine; D4T, stavudine; DDI, didanosine; 3TC, lamivudine; NVP, nevirapine; EFV, efavirenz; ABC, abacavir; LPV/r, ritonavir-boosted lopinavir; NFV/r, ritonavir-boosted nelfinavir; NFV, nelfinavir; NNRTI, non-nucleoside reverse transcriptase inhibitor.
Mortality and LTFU
Patient-level Predictors
Facility-level Predictors
Compared with children enrolled at larger facilities, children enrolled at smaller facilities had higher risk of LTFU (AHR, 1.86; 95% CI, 1.20-2.90), but not death (Table, Supplemental 
DISCUSSION
This is the largest and first nationally representative pediatric ART outcome evaluation reported from Cȏte d'Ivoire. 7, 8 The †Attrition is the combined cumulative incidence of death or loss to follow-up, while retention is the proportion of children remaining alive and on ART (1-attrition). 
Trends in Patient Characteristics at ART Initiation Over Time
Disappointingly, only 21% of ART enrollees were <2 years at enrollment during [2004] [2005] [2006] [2007] [2008] , and this proportion did not increase significantly during [2004] [2005] [2006] [2007] [2008] . Randomized trials have shown that early postnatal diagnosis and immediate ART for perinatally HIV-infected children, rather than delayed ART, provides a survival benefit. 23, 24 In Cȏte d'Ivoire, ongoing initiatives to expand access to ART for children <2 years include scale-up of early infant diagnosis services, ensuring availability of appropriate infant formulations, and training of personnel to provide ART for very young children. 4 In addition to improving ART access for young children, increasing the availability of infant formulations and training of providers might improve outcomes of young ART enrollees. As in other evaluations, 25 ART enrollment at younger ages during 2004-2008 was independently predictive of death. This is largely because children starting ART before 2 years of age are more likely to have rapid disease progression, a challenge that is compounded if health providers have insufficient training or infant formulations are unavailable. 3, 26, 27 Suboptimal regimens were prescribed to about 7% of all children and this did not improve over time. The most common suboptimal regimens prescribed were those containing efavirenz for children <3 years. 24 Notably, 17% of all children were prescribed unboosted nelfinavir. Although not considered suboptimal in this analysis, efavirenz is a better option for children ≥3 years, and lopinavir-ritonavir a better option for children <3 years. 28 Highdose requirements, 29, 30 and lower potency compared with ritonavirboosted agents, are disadvantages of nelfinavir. 10 Clinician training in prescription practices is ongoing.
Only 9% of ART enrollees had documented completion of recommended vaccines and this did not change significantly over time. Suboptimal vaccination completion among HIV-infected children has been reported in other countries. 31 Clinician hesitancy to provide live attenuated vaccines (measles and yellow fever vaccines) to symptomatic children might explain low rates of these 2 vaccines, however, all children should have received the DTPPH series in the first 8-12 months of life. 32 As absent documentation of routine vaccination completion was predictive of both mortality and LTFU, evaluating reasons for missing vaccination documentation, and implementing training and supervision efforts to ensure vaccination and its documentation is important. WHO recommends that HIV-infected children receive all vaccinations recommended for HIV-negative children, except the Bacillus Calmette-Guerin (BCG) vaccine, due to risk of disseminated BCG disease in immunocompromised children. 24, 32 Disappointingly, no significant reductions over time in markers of advanced HIV disease at ART initiation were observed, with prevalence of WHO stage III/IV, moderate to severe undernutrition (WAZ ≤−2), and severe anemia remaining constant and median CD4% remaining low (9-11%) during [2004] [2005] [2006] [2007] [2008] . As in other studies, these markers of advanced disease were predictive of mortality. 7, 8, 25, 33 Programs aimed at accelerating access to early infant diagnosis, ensuring linkage of HIV-positive children to ART clinics, and adoption of new WHO guidelines that recommend ART initiation at age <5 years regardless of CD4%, 34 are potential strategies that could reduce the prevalence of advanced HIV disease among enrollees in the future. 28 
Trends in Patient Outcomes Over Time
Compared with 12-month attrition reported from other resource-limited countries (0-20% according to a recent meta-analysis), 33 our overall reported 12-month attrition (22%) is high. In addition, the annual increases in 12-month attrition, due to increases in both mortality and LTFU are concerning. Increasing rates of LTFU have been observed in African adult ART programs, 6, 35, 36 and among pediatric ART enrollees included in a recent multicountry cohort analysis from Africa and South East Asia. 37 Yearly increases in observed LTFU may be related to political instability that produced 2 civil wars during 2000-2010. Political instability has been shown to adversely affect clinic attendance and adherence in Kenya. 38 Alternatively, as the patient-to-provider ratios have increased, caregiver frustration with wait times and overcrowded facilities may have increased rates of default from care. 36, [39] [40] [41] Similarly, increases in patient burden at central facilities and decentralization efforts may have increased the likelihood of undocumented transfers. 36 Further research to understand reasons for patient default from ART is needed to facilitate a programmatic response.
Increasing rates of mortality are more concerning and harder to explain. Expansion of the ART program to more rural areas of the country, where health status of children entering care may be lower, might have contributed to observed increases in mortality. Alternately, interruption of ART during political instability or increasing nonadherence to ART as a result of care-giver frustration with overcrowded facilities may account for increasing mortality. 38, 42 Further research to explore causes of increasing mortality is needed.
Facility-level Predictors of Outcomes
Eleven of 29 facilities implemented a WHO-recommended HIV nutrition program, 11 involving regular growth assessment and food supplementation when indicated. Children attending these 11 facilities had lower risk of LTFU and borderline lower risk of death. Food supplementation for under-nourished ART enrollees may be especially important in Cȏte d'Ivoire, 43 which is ranked 170 of 187 on the human development index, 44 and where >50% of households with HIV-infected residents reported food insecurity in a recent survey. 45 To our knowledge, this is the first study showing benefit of a structured nutrition program for pediatric ART enrollees. 46 Scaleup of the integrated nutrition program to all pediatric ART facilities could improve outcomes.
Children attending clinics reporting nurse dissatisfaction with working conditions had higher LTFU rates. Nurse dissatisfaction may be correlated with patient dissatisfaction with clinic services, which has been associated with lower adherence and retention in HIV care. [47] [48] [49] [50] Causes of nurse dissatisfaction are unknown but might include burnout, 51 or dissatisfaction with career advancement opportunities. 52 Implementing interventions to address nurse dissatisfaction could help to improve program outcomes. 53, 54 Similar to reports from adult ART programs in Abidjan, 19 initiating ART at smaller sites was associated with higher LTFU rates. Increased LTFU at smaller facilities could reflect lower quality services at peripheral clinics. 55, 56 Alternately, inadequate documentation of ART follow-up or undocumented transfers between facilities may be more common at smaller facilities due to limited human resources, training or supervision. 57 
Limitations
Findings in this report are subject to several limitations. First, mortality estimates represent only documented mortality. A certain proportion of children observed to be LTFU will likely have died after defaulting care, so mortality is underestimated. 58 Second, missing data on patient characteristics at ART start likely introduced
